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© Display device 

© A display device for displaying information is provided with an optical system for guiding the light of the 
display device to the eye, the optical system having, in the order in the proceeding direction of the light an 
entrance face for receiving the light, a curved face for totally reflecting the light and a reflecting face concave to 
the eye side and adapted to reflect the light toward the eye. The reflected light is transmitted by the curved face 
and reaches the eye. Thus there is obtained a compact display device with satisfactorily suppressed aberrations. 




Rank Xerox (UK) Business Services 
(3.10/3.09/3.3.41 



70 



75 



EP 0 687 932 A2 

BACKGROUND OF THE INVENTION 
Field of the Invention 

«vJ^ a r! e ? 4 inVenti0n r !' ateS 10 8n observation °P tical system, and more particularly ,o an optical 
system adapted for use .n a device called head-up display or spectacle-type display. 

Related Background Art 

rn, JJS"' m'™*? haV ! b6Bn Pr0P0Sed diSf>lay devices in a «y tube (CRT) or a liquid 

costal display (LCD) Is positioned close to the head of the observer whereby the observer Is enaWed to 

Sr^rfnVT 6 " bV T CRT ° f LCD> a$ diSC,0Sed f0r exam » e in US - Patent N^ToetaS 
and 4,969 724 and Japanese Patent Laid-Open Application Nos. 58-76116. 2-297516 and 3^01709 
Japanese Patent Laid-Open AppHcation No. 3-101709 disdoses an observation device providtn a r S 
easily observable real image by re-focusing an original image. However, a considerably laL space d 
unavoidable because an optical lens is employed for re-imaging ^ P 

a . 0 ^ tt *^■ 0the lo ha ^ d • U " S - Pa,ent N0S - 4 - 081 - 209 -nd 4.969.972 and Japanese Patent Laid-Ooen 
Appl.cabon Nos. 58-78116 and 2-297516 disclose observation devices designed to obse^e a false imS 

C ^r a hT 9 h e ° US *? T^ 2 '" 9 ,h ° dSViCe th ° U9h " iS SOmewhat inferi <" in *• ease oJobseZon 
the Inmaao WnHT ST ?' ,he K ,at,6r ^ C3n 3ChieVe """P"*-*" in comparison with that of 
mLZ^ nHn 5** f 0 ,"*? SU ° h com P ac,i2ation »» said sufficient. Among the abovo- 

ramT^T.^r^- 008 01801086(1 the Japanese Patent Laid -°P en APP' 1 ""^ No 58- 
78116 is relatively advanced .n terms of compaction, but the device still has a large thickness in the 

ism n,r s of "r t : is aiso d9scribed that •» o**™* ™«™ S 2 

s^^oS^sr techno,o9y is a,so described in us - patent seriai n °- 

SUMMARY OF THE INVENTION 

<j££t^££ f0r890in9, " *** " Pr9SSnt inVemi ° n iS ,0 pf0Vide a and thin 

aberrations' ° f PreS6m inven1fon is ,0 provide an observation optical system with reduced 

di,nI'!, e H bOVe " menti0ned ° an Pe attainedl aCCOrdin9 10 an as P ect of the P«»ent invention, by a 

SfL ^ ^P" 81 "? dls P la V ™™ *» displaying information, and optical means provided with 
curved faces for gu.d.ng the light from said display means to the eye. wherein said optica, means hashin 
succession m the proceeding direction of the eye. a light entrance face for introducing the light a curved 
face for totally reflecting the light and a face concave to the eye for reflecting the fight toward th ZTs 
<o "Shyeaches the eye by way of these curved faces and a compact display device L be 

40 attained with satisfactorily suppressed aberrations. 

Still another object of the present invention is to provide the above-mentioned display device with a 
v,sual ax.s detecting device thereby controlling the dis P !ay state of said display means 

Still otter objects of the present invention, and the features thereof, will become fully apparent from the 
following description of the embodiments. ^parent rrom me 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

inve S nti^; and ™ ™ **** Sh ° Wfn9 " cbservation system of the present 

50 IT'J*- 3n . d 28 a ? Vie ? u showin 9 a ^ SBCtlon and optical paths In the observation optical system of 
a numerical example 1 of the present invention; *y«em 01 

Tnl?. 3 ? 38 3 ? V ' e 7^ owin 9 a S9Ction an °* optical paths in the observation optical system of 
a numerical example 2 of the present invention; y 

fiS TnLl^ 48 a ? ™7J* owin 9 8 ^ section optical paths in the observation optical system of 
55 a numerical example 3 of the present invention; y 

Figs. 5A and 5B are views showing a cross section and optical paths in the observation optical system of 
a numerical example 4 of the present invention; 
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Figs. 6 and 7 are optical cross-sectional views showing the basic principle of the observation optical 
system of the present invention; 

Figs. 8A and 8B are schematic views showing the optical paths of an observation optical system of the 
present invention; 

5 Fig. 9 is a schematic view showing the optical path of a visual axis detecting system employed in the 
present invention; 

Figs. 10 and 11 are schematic views showing states when the display device of the present invention is 
worn by the observer; 

Figs. 12A and 12B are partial magnified views of Figs. 8A and 8B; 
to Fig. 13 is a partial schematic view in the vicinity of a prism member in an embodiment 6 of the present 
invention; 

Fig. 14 is a partial schematic view in the vicinity of a prism member in an embodiment 7 of the present 
invention; 

Fig. 15 is a partial schematic view in the vicinity of a prism member in an embodiment 8 of the present 
is invention; 

Fig. 16 is a partial schematic view in the vicinity of a prism member in an embodiment 9 of the present 
invention; 

Figs. 17A and 17B are schematic views showing the optical paths of an observation system and a visual 
axis detecting system in an embodiment 8 of the present invention; 
20 Figs. 18A and 18B are schematic views showing the optical paths of an observation system and a visual 
axis dotocting system in an embodiment 9 of the present invention; 

Figs. 19A and 19B are partial schematic views of an observation optical system and a visual axis 
detecting optical system, respectively, of the present invention; 
Fig. 20 is a flow chart showing the control sequence of the present invention; 
25 Rg. 21 is a schematic view showing selectable display areas in the present invention; 

Fig. 22 is a schematic view showing points for display area selection in the present invention; 

Figs. 23A and 23B are partial schematic views of an observation optical system and a visual axis 

detecting optical system, respectively, of the present invention; and 

Fig. 24 is a flow chart showing the control sequence of the present invention. 

30 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

At first there will be explained the basic principle of the display optical system of the present invention, 
with reference to Figs. 1A, 1B and 6. Display means 4, for displaying an original image such as a character 
35 or a pattern, is composed for example of a known liquid crystal display (LCD) device. There are also 
provided a first optical member 3a for guiding the light from the display means 4 to the eye of the observer, 
and a second optical member 3b. The light from the display means 4 at first enters the first optical member 
3a, then totally reflected by a totally reflecting face 1, at the eye side, of the first optical member, further 
reflected by a concave half mirror 2, concave to the eye of the observer, transmitted by the above- 
40 mentioned totally reflecting face 1 and guided to the eye. 

Figs. 1 A and 1B illustrate the optical path, seen respectively from the top and from the side. 

As the concave mirror 2 is composed of a half mirror, the observer can observe the image on the 
display means 4, superimposed with the external scenery. Although the present embodiment provides a 
superimposing device, there may also be provided a device for merely observing the image display, in 
45 which case the concave mirror is composed of a mirror. 

Owing to the above-explained configuration, the present and ensuing embodiments provide extremely 
thin, compact display devices, with a thickness of the optical system in the order of 10 to 15 mm. Also 
there is achieved a wide viewing angle of ca. ±16.8* in the horizontal direction and ca. ±11.4' in the 
vertical direction. 

so Such compactlzation, wide viewing angle and satisfactory optical performance are derived In the 
present embodiment from fact that a face at the observer side is utilized as a totally reflecting face and a 
transmitting face, and that the concave mirror 2 is positioned considerably eccentric with respect to the 
optical axis of the eye. In addition there are significant contributions from facts that the totally reflecting face 
is constituted by a curved surface, particularly with optical power variable depending on the azimuthal angle 

65 as will be shown in the following numerical examples, and that the concave mirror 2 is given an optical 
power depending on the azimuthal angle. 

In particular, the optical power depending on the azimuthal angle, given to the concave mirror 2, allows 
to sufficiently eliminate the eccentric aberration resulting from the eccentric positioning thereof. Also the 
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totally reflecting face is similarly constituted by a curved surface to correct the aberrations generated by the 
concave mirror. a ' 

In the following description, the folding direction of the light will be called the direction of generatrix 
while a d.rectjon perpendicular thereto will be called the direction of meridian. In the present embodiment* 
the .mage angle is made wider in the meridian direction, and a relatively strong positive refractive power of 
the concave mirror generates aberrations, but the totally reflecting face is given, in the cross section along 
the mendian direction, a negative optical power to correct such aberrations. Along the optical path in the 
cross section in the meridian direction from the side of the display device or the side of the eye of the 
observer, there are provided, in succession of a face of a negative refractive power, a face of a positive 
efractive power (concave mirror) and a face of a negative refractive power, so that the aberrations are easy 
to eliminate because of such symmetrical arrangement of the refractive powers 

* r J n Z«T?^ ,he 4 th | CknesS in the direction 0< op,ical 3x18 of *• eye. the elements are desirably so 
arranged that the optical system 3 stands upright. More specifically, referring to Fig. 7, there is preferably 
satisfied a condition: ».<«auiy 

H & 20 • 

wherein « is the angle (tilt angle) of the tangential line to the totally reflecting face 1 at the vertex thereof, to 
a line perpendicular to the optical axis of the eye. Outside this range, the optical system becomes thicker in 
the direction of the optical axis, whereby the device becomes bulkier. Also in case of superimposing an 
image on the scenery, tho inclination of the optical member bocomos larger to cause a distortion in the 
observed scenery. 

More preferably there is satisfied a condition: 

-15'SaS5* 

Below the lower limit, the optical system can be made thinner in a direction parallel to the optical axis of the 
eye but the distortion becomes severer. Above the upper limit, the optical system becomes thicker in a 
direction parallel to the optical axis of the eye. and the prisms become undesirably heavy. 

In the present embodiment, since the totally reflecting face is concave to the eye, the light entrance 
face at the outside is constituted by a substantially same curved surface in order to prevent the distortion in 
the observed scenery. 

The concave mirror 2 is made considerably eccentric with respect to the optical axis of the eye 
whereby an eccentric aberration is generated. However this eccentric aberration is satisfactorily corrected 
by constituting the totally reflecting face with a curved surface and employing, in the concave mirror 2 a 
surface of which curvature varies depending on the azimuthal angle (toric or anamorphic surface) 
Preferably an aspherical surface (toric aspherical or anamorphic aspherical surface) to attain an extremely 
satisfactory optical performances. 

With respect to the generatrix direction (y-direction) which is the direction of folding of the light and the 
mendian direction perpendicular thereto, the faces of the optical system are so designed to have optical 
powers variable depending on the azimuthal angle, but, in the entire system, the paraxial focal length is 
preferably substantially constant in any direction. More specifically, there is preferably satisfied a condition: 

0.9 < jf/ x |< 1.1 

wherein f, and f x are paraxial focal lengths of the entire system respectively along the cross section in the 
direction of generatrix and that in the direction of meridian. 

Also the totally reflecting face (or transmitting face) or the concave mirror is so designed, as explained 
in the foregoing, as to vary the optical power depending on the azimuthal angle thereby suppressing the 
eccentric aberration, and. for this purpose, there Is preferably satisfied a condition: 

W<W 

wherein r y and r. are radii of paraxial curvature of said face respectively in the cross section in the 
56 generatnx direction and in that in the meridian direction. 

In the present embodiment, for achieving compact configuration, the concave mirror 2 is significantly 
btted (decentralized) in the direction of generatrix which is the direction of folding of the light, the eccentric 
aberration is generated larger in the direction of generatrix than in the direction of meridian. Thus the optical 
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power in the cross section in the direction of generatrix is made weaker than that in the cross section in the 
direction of meridian, namely the radius of paraxial curvature is made longer in the direction of generatrix as 
indicated in the foregoing condition, thereby suppressing the eccentric aberration in the direction of 
generatrix. 

Preferably these curvatures are so selected as to satisfy: 

|r x /r y | < 0.85 

Outside this range, the eccentric aberration becomes conspicuously large. 

On the other hand, in case the entrance face 5 is so constructed as to have varying optical power 
depending on the azimuthal angle as in the following numerical examples 2 to 4, the eccentric aberration 
can be suppressed by inversely satisfying a condition: 

N>W 

For further satisfactory correction of aberrations, there are preferably satisfied conditions: 

-2.0 < 2fx/rx2 < -0.1 (a) 
-2.5 < 2^ < -0.5 (b) 

whcroin and r^ arc radii of paraxial curvature respectively of the totally reflecting face (or transmitting 
face) 1 and the concave mirror 2, in the cross section In the meridian direction. 

Below the lower limit of the condition (a), the curvature (negative power) of the totally reflecting face in 
the meridian direction becomes stronger and the correction of distortion becomes difficult. Also below the 
lower limit of the condition (b), the curvature (positive power) of the concave mirror in the meridian direction 
becomes strong and the correction of astigmatism becomes difficult. On the other hand, above the upper 
limit of the condition (a), the curvature of the totally reflecting face in the meridian direction becomes to 
have a positive power, so that the totally reflecting condition becomes difficult to satisfy. Also above the 
upper limit of the condition (b), the positive power of the concave mirror in the meridian direction becomes 
weaker, so that the thickness of the optical system in a direction parallel to the optical axis of the eye 
becomes undesirably large. 

Furthermore, there are preferably satisfied conditions: 

-1.0<2f y /r y2 < 0 (c) 
-2.5 < 2fy/ry3 < -0.2 (d) 

wherein f y is the focal length of the entire system in the generatrix direction, r y2 is the radius of curvature of 
the totally reflecting face, and ry3 is the radius of curvature of the concave mirror. 

Below the lower limit of the condition (c), the negative power of the totally reflecting face in the 
generatrix direction becomes stronger, so that the eccentric distortion becomes difficult to correct. Below 
the lower limit of the condition (d), the positive power of the concave mirror in the generatrix direction 
becomes stronger, thereby generating a large eccentric astigmatism. Also above the upper limit of the 
condition (c) relating to the totally reflecting condition in the generatrix direction, it becomes difficult to 
satisfy the totally reflecting condition. Also above the upper limit of the condition (d) relating to the power of 
the concave mirror in the generatrix direction, this power becomes weaker so that the entire length of the 
optical system extends in the generatrix direction. 

In the foregoing, the structures of the totally reflecting face (or transmitting face) 1 and the concave 
mirror 2 have been explained in relation principally with the curvature, but, in the present embodiment, the 
concave mirror 2 is subjected to a parallel shift, in the direction of generatrix (y-direction), from the optical 
axis of the eye toward the original Image side ( + ) as shown In Fig. 7, whereby the eccentric distortion In 
the generatrix direction can also be suppressed. 

The eccentric distortion can be suppressed by a parallel shift satisfying: 

E £ 2.5 mm 

wherein E is the amount of the parallel shift or the distance from the optical axis of the eye to the vertex of 
the concave mirror surface in the direction of generatrix (d . Fig. 7). In the following example 1 , this amount 
E of parallel shift is equal to 5.2 mm, but it may be selected larger as in other examples for satisfactorily 
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correcting the aberrations, and preferably satisfied a condition E * 23 mm 

im J*T rf With reSP r tX ° enfranCe ,aC6 5 ' ^ an 9 le Q * between the trance face and the oriqinal 

5- S S6S30' 

IT^!°™ "TUl* 9 enrranC ° ,aC9 3nd *• 0ri9inal ima 9 9 surface tecome closer to parallel so that 
"IT ^ C ° meS T""^ Wck in *• direction parallel to the optical axis of the eye On 2 

XtS25:£ upper ^ * e ori9inal ima9e becomes 2 - *^p2L/£ 2 

|M» the natura. light nomination and the back .ight il.umination selec^ve., V deteS the e*Za 

"^■js^-ar - ,ioht ™ in the da ™ <^ a ™ 

The display means 4 for forming the original image is composed of a liquid crystal disolav (LCD) 

M*io- 

^L^T ^T^J" C8Se 8 Hquid Crystal disp,ay device is em P'°y^ for providing the original 
dTsX ^."^'V^ 31 d,s P ,a y in 9enera. has a narrow viewing angle, the .ight ob.iquej entenng ^ 

un1«i V th T^ 9 ,here,r0r " iS 83Sily ' 0St - Th8refore - a bri 9 ht «*» 'maoa cLot be oSrS 

larly as possible. The above-nr.ent.oned condition allows to observe a sufficiently bright image 
^nSfn * ?« ^ ^ cr ° ss - sectional views respectively of numerical examples i, 2 3 and 4 
expla.ned m the (Mowing. The configuration shown in Figs. 2A and 2B employs tone aspherical surfaces in 
the concave mirror and the totally reflecting face. The configuration shown in Rgs. 3A S^ovs 
anamorph.c asphenca. surfaces in all of the concave mirror, totally reflecting face and Hgh, en^ncTS 
Alsoto configurers shown in Rgs. 4A to 58 emp,oy anamorphic aspheica. surface! ?7„ a^e opTca. 

J^S^ST a " ,he optal members are composed ° f acr " ic b * -v 

. ♦nS!H° ,l0W M 9 ,h8 / e ^ Sh ° Wn numerical exam P ,es of lhe P rese "« embodiment, wherein TAL indicates 
a tone asphencal lens face, and AAL indicates an anamorphic aspherical lens face 
The TAL is defined by: 

yYr 

' = iWl-d^W + A7< + By* + Gy* + D,y" 

so wherein I indicates the face number. 
Also the AAL is defined by: 
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1+V l-fd+knXy/r^+d+kJCx/r^ 
+ AR {(1 + AP,)y* + (1 - APi) x*}* + BR {(1 + BR) y* + (1 - BPi)x*} < 
+ CR {(1 + CP,)y a +(l -CP ( )x*} 4 + DR {(l+DPi)y* + (l- DPi) x*}* 



to wherein i indicates the face number. 

Aj and Bj are aspherical coefficients. 

In the following examples, at least the totally reflecting face is constructed with a face with variable 
refractive power depending on the a2imuthal angle, but it may also be constructed with a rotationally 
symmetrical spherical or aspherical face. 
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Example 1 

r yi [mm] 
radius of 



radius of 
curvature in curvature in 
generatrix meridian 
direction direction 



coordinates 
of vertex 



tilt angle in 

generatrix 

direction 



i-1 

2 
3 
4 
5 
6 



eo 

-548.019 
-57. 585 
-548. 019 



(TAL2.4) 



(TAL3) 



E. 

-1.360 





(0.0) 




0 




-74. 077 


(-0. 05,19. 80) 


TAL 


0 




-40. 526 


(5.10,29. 14) 


TAL 


-22 




-74. 077 


(-0. 05,19.80) 


TAL 


0 


► in 




(18. 58,28. 07) 




68.90 






(21.38,29. 15) 




51. 17 




Au A4 


ft.B. 


C.C, 


ft. ft 




-0. 473E-5 


0.326E-7 -0.940B-10 


0. 991E- 


13 


a, 


Bt 


c, 


ft 




0. 345E-5 


-0.301E-7 0. 


944E-10 


-0. 113B- 


12 



refractive index 
(d-line) of prism 



focal length in 
1 . 49171 generatrix 
direction 



Abbe's number 

(d-line) of prism 57.4 



(numerical data) 



f y « 21. 07mm 



focal length in 
meridian 

direction f> 2 1.86mm 



45 



so 



«= -1.8° 
1 Vf.|- 0. 96 
lr«/iy| = 0. 7 
2f,/r tt = -0. 59 
2f «/v -1.08 
2^/^= .0. 08 
2tw/r n * 0. 73 



E= 5. 2oo 
7 = 1. 36 
17.7 
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Example 2 



r n £mra] 
radius of 
curvature in 
generatrix 
direction 



r^LmmJ 
radius of 
curvature 
meridian 
direction 



in 



Y, z 
coordinates 
of vertex 



tilt angle in 

generatrix 

direction 



TO 


i«l oo 




(0,0) 




0 






2 -2158.074 


-32. 224 


(0.60,19.83) 


AAL 


-10.55 1 






3 -63. 157 


-32. 870 


(34. 76.30.90) 


AAL 


15.81 




f5 


4 -2158.074 


-32. 224 


(0. 60,19. 83) 


AAL 


-10.55 


> in 


5 72. 108 


1049.744 


(14.82.29.00) 


AAL 


53.74 J 






6 CD 




(17. 03.30. 62) 




42.81 






(AAL2.4) K*. 




ARm BRl4 


CR^ 






20 


-13763.5 


-3.896 


-0. 170B-4 0. 401R-7 


-0. 154B-9 


0. 223B-12 








APu BP W 


CP W 












-0.245 0.416B-1 


0. 870B-1 


0.203B-1 



prism 



30 



(AAL3) 



1.238 



0. 279 



ARi 



BRi 



CRi 



DE4 



-0.317B-5 0.248B-8 -0. 179B-11 0.608B-15 
AP, BP. CP, DP> 

0.249 0.327B-2 -0. 192E-1 0. 181E-1 



35 



(AAL5) Xh X- AR, BRi CR. DR, 

6.285 -1.33E-6 -0.114E-4 -a402B-6 0. 113B-8 -0.4UE-10 

APi BP, CP, DP, 

0. 273B1 0. 155E1 0. 160B1 -0. 644 

refractive index focal length in 

(d-line) of prism 1.49171 generatrix 

direction 



Abbe 1 s number 

(d-line) of prism 57.4 



f y =23.20mm 

focal length in 
meridian 

direction f x =24 . 09ram 



(numerical data) 



50 



a - -10. 5* 
|f,/f,|= 0.96 
r.|/r r = 0.52 



2f./r d = -1.5 
2iJrn* -1. 47 
2f T /r„= -0. 02 



2f,/r n = -0. 73 
B= 34. lorn 
7=0. 23° 
0 = 10.8° 
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Example 3 



radius of 
curvature in 
generatrix 
direction 



r xl [mm] 
radius of 
curvature 
meridian 
direction 



in 



coordinates 
of vertex 



tilt angle in 

generatrix 

direction 



1 = 1 oo 






(0,0) 




0 


2 -3945. 723 


-49. 792 


(3.665.20.415) 


AAL 


0.04 ^ 


3 -67. 136 


-38. 803 


(36. 403,32.01) 


AAL 


14. 60 


4 -3945. 723 


-49. 792 


(3.665.20. 415) 


AAL 


0.04 


5 123. 302 


643 030 


(19.610,28. 357) 


AAL 


61.72 - 


6 oo 




(22.402,29. 859) 




52. 54 


(AAL2.4) 




ARu 




CR».i 


DRu 


7202. 73 


-7. 709 


-0. 142E-7 


0.379B-7 


-0. 154R-9 


0. 198B-12 






APm 


BPw 




EP« 






-0.183 


a 710B-1 


0.514B-1 


0. 201B-1 


(AAL3) X,, 


I D 


AR» 


BR, 


CR, 


DR« 


1.066 


0. 193 


-0.222B-5 


0.321B-8 


-0.188B-11 0.461R-15 






AP, 


BP, 


CP. 


DP, 






a 390 


0. 586B-1 


-0. 185B-1 


-0.222E-1 


(AAL5) K„ 


L, 


ARi 


CRt 


DEi 




-85.544 


-916252 


-Q.913B-6 


-0.204E-9 


0.117B-13 -0.227B-10 






AP, 


BP, 


CP, 


DP, 






0. 989E1 


0. 128B1 


0. 128E2 


-0. 952E-1 



in prism 



refractive index 



focal length in 



(d-line) of prism 1.49171 generatrix 

direction f y «23 . 71mm 



Abbe's number 

(d-line) of prism 57.4 



(numerical data) 



focal length in 
meridian 

direction f ^ 2 3 . 70mm 



50 



a - 0. 05° 
IVf.|- 1.0 

lr,/r,|= 0. 58 



2f./r«- -0. 95 
2f./r fl - -1.22 
2f,/r fl = -0. 01 



2f,/r«- -0. 71 

E= 25. 6 am 
7-1. 97° 
0 = 15. 5* 
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r El [mm] 


Y, z 




radius of 


radius of 


coordinates 




curvature in 


curvature 


in of vertex 




generatrix 


meridian 






direction 


direction 




i=l 


GO 




(0.0) 


2 


"3752. 581 


-50. 580 


(2. 85.23. 13) AAL 


3 


-66. 938 


"38. 651 


(36.37.34.72) AAL 


4 


-3752. 581 


-50. 580 


(2.85,23.13) AAL 


5 


306. 125 


1095. 447 


(18.59.31.48) AAL 


6 


CO 




(21.46,32. 54) 



tilt angle in 

generatrix 

direction 



0 
0 

14. 15 
0 

69.84 
51. 20 



in prism 



20 



25 



30 



(AAL2.4) 



CAAL3) 



U4 
-33820.5 



1. 063 



&*4 
-11.350 



0. 127 



AR.4 
-0. 144E-4 
APs4 
-0. 152 

AR» 

-0. 225E-5 

AP, 

0.372 



BR*4 CR^4 DRk4 

0.398B-7 -0.153BTa 0.201B-12 

BPk4 CP*4 DP U 4 

0.730B-1 a494B-l 0.255E-1 



BR. 
0. 316B-8 



(X. DK, 
0. 188B-11 0.474E-15 
BP, CP, DP, 

0.568E-1 -0. 168B-1 -0.208E-1 



35 



40 



45 



OAL5) 



745.334 



-651374 



BB, 



CR, 



DKt 



-0. 656B-6 0. 124E-6 0. 474B-12 -0. 972E-1 1 



AP. 

0.837E1 



refractive index 

(d-line) of prism 1.49171 



Abbe ' s number 

(d-line) of prism 57.4 



BP, 
-0. 273 



CP, 

0. 5S3B1 



focal length in 

generatrix 

direction 



DP. 

-0. 538 



f y =23 .09mm 



focal length in 
meridian 

direction £ 



=23. 09mm 



50 



55 



(numerical data) 

|f,/f.l- 1.0 
|r,/r,|* 0.58 



2fi/r„= -0. 91 
HJt«~ -1. 19 
2f,/r rt = -0. 01 



2f F /r„= -0. 69 
B* 33. 5auQ 
7 = 1. 52° 
0= 18.6° 



As explained in the foregoing, the present invention provides a spectacle-type display having a wide 
viewing angle of ±16.8* in the horizontal direction and ±11.4* in the vertical direction, and an extremely 
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rlSTTl 10 !° I 5 mm in th ° direCti0n parallel t0 ,he °P tical axis of *• °ye- « also provides 
satisfactory bright opt.cal performance. Furthermore, by constituting the concave mirror with a half- 

fransm,ttng face ^tis rendered possible to superimpose a bright false image ot the original image with the 
scenery without distortion. ^ 
s The foregoing embodiment has been designed to obtain a wide viewing angle, but the thickness may 
be made even smaller if a somewhat narrower viewing angle is selected, since the thickness according to 
the present invention is variable depending on the viewing angle. 

In the following embodiment there has principally been explained the optical system relating to the 

,„ a h9s f u P . P V d9Vice - ,he f0 " owin9 there wiil be ex P |ained a device based on the above- 

w explained optical system and provided further with visual line detecting function 

Figs. 8A and 8B are partial cross-sectJonal views showing the optical path of an observation system and 

a visual line detecting system in an embodiment of the present invention, while Fig. 9 is a partial plan view 

of the systems shown in Figs. 8A and 8B. and Figs. 10 and 1! are schematic views showing the mode ot 

use when the device of the present invention is mounted on the head of the observer 

" ,J^*°, ""IT 98 ' *T *• $h0W 8n 0bSefVer 101 ' display means 4 co^POWd for example of a liquid 
crystal display device and serving to display image information in the visible wavelength region, based on 
signals from image information supply means such as a CD-ROM 105 or a video camera 106 and an 
optical member 10 consisting of a transparent parallel-faced flat plate and incorporating therein a'dichroic 
mirror 7 wrong as a beam splitter for transmitting the visible light and reflecting the infrared light The 

20 dichroic mirror 7 may however be replaced by a simple half mirror. 

.„« , A P «' S ^ T 1 ** 3 ' S pr ° Vid0d Wittl 8 ,ront ,ace 1 consisti "9 °f a toric asphcrical surface and effecting 
total reflection In a part; a rear face 6 consisting of a transparent or opaque, flat or curved surface- a 
concave face 2 consisting of a semi-transmitting or mirror-reflecting toric aspherical surface provided in the 
prism members; and an entrance face 5. An optical axis (central axis) 104 coincides with the optical axis of 
the eye 103. The elements in the optical path from the display means 4 to the eye 103 constitute an 
observation system, for observing a false image of the image information displayed on the display means 4 
Light source means 102 project infrared light (wavelength of about 880 nm) to the eye 103 so as to form 
Pulkmye s imagBS, in order to detect the visual line of the eye 103 of the observer 101 

When the infrared light from the light source means 102 is projected onto the eye 103 of the observer 

101 as shown in Fig. 8B, an imaging optical system (imaging lens) 8 forms a corneal reflected imaqe 
formed by the light reflected from the cornea of the eye 103. and images of pupil etc. on an image sensor 9 
such as a CCD, through the prism member 3 and the dichroic mirror 7 of the optical member 10 
The imaging lens 8 is provided independently from the observation system for observing the false image of 
the image information of the display means 4. The elements in the optical path from the light source means 

102 to the image sensor 9 by way of the eye 103 constitute a visual line detecting system for detecting the 
visual line of the eye 103 of the observer 101. In the present embodiment, the elements of the observation 
system and the visual line detecting system are designed as explained in the foregoing, thereby facilitating 
the compactizafcon of the entire system incorporating these two systems. 

In the following there will be explained, with reference to Figs. 8A and 8B. the observation system for 
« 6 ^rf" ° f ima " information dis P'ayed °n the display means 4. In the present 
ZSST!,^ M^ t ? b9am baS6d ° n m ° ima9e ™ om *«°r> displayed on the display means 4 is 
k! V ? C ""^ f3Ce 7 ° f the ° p6cai member 10 and is intraduced into the prism member 

IT « the entrance face 5 thereof. It is then totally reflected by the front face 1 of the prism member 3 
men reflected and condensed by the concave face 2, further transmitted by the front face 1 and guided to 
the eye 103 of the observer 101. In such configuration, the curvatures of the front face 1 and the concave 
face 2 are so suitably selected that a false image of the image information displayed on the display means 
4 is formed in front of the observer 101, without a primary image plane for intermediate image formation 

As explained above, in the present embodiment, the observation system is constructed as false image 
type, whereby he observer 101 observes the false image of the image information. It is also possible, in the 
present embodiment, to conslltute the concave face 2 with a seml-transmltting surface and the rear face 6 
wrth a transmuting surface, and suitably selecting the curvature of the rear face 6. thereby spatially 
supenmposmg the external image information and the false image of the image information of the display 
means 4 for observation In a same viewing field with same visibility. 

In the observation system of the present embodiment, in displaying the image information on the 
display means from the image information supply means such as a CD-ROM 105 or a video camera 106 
held by the observer 101 as shown in Rgs. 10 and 1 1. the visual line information of the eye of the observer 
obtained by the visual fine delecting system, is utilized for various controls, such as auto focusing (focusing 
of the video camera), electronic zooming (electrical enlargement of the information in the direction of the 
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visual line), zooming (calculation of the focal length f of the video camera for obtaining an image frame size 
extracted by the visual line and matching to said focal length), and menu selection (light metering, flash 
panorama size etc.) selected by the visual line. 

In the following there will be explained, with reference to Fig. 9, the visual line detecting system for 
5 detecting the visual line of the eye 103 of the observer 101. The eye 103 of the observer 101 is illuminated 
with the infrared light from the light source means 102, and the infrared light reflected by the cornea of the 
eye 103 is transmitted by the front face 1 of the prism member 3, then reflected by the concave face 2, 
further totally reflected by the front face 1, transmitted by the entrance face 5 and guided into the optical 
member 10. It is then reflected by the dichroic mirror face 7 thereof, totally reflected by a face 10a thereof 
to and is guided to the image sensor 9 through the imaging lens 8. 

The imaging lens 8 forms the corneal reflected image and the images of the pupil etc. of the eye 103 
on the image sensor 9, and the visual line of the eye 103 is detected from the signal of said image sensor 
9. 

In the present embodiment, the visual line of the eye is detected by a method disclosed for example in 

is the Japanese Patent laid-Open Application Nos. 1-274736 and 3-11492 of the present applicant. 

Figs. 12A and 12B are schematic cross-sectional views of the prism member 3 employed in the present 
embodiment. It is employed in this case as an observation system, but. in case it is employed as the visual 
line detecting system, the optical functions remain some except that the optical path is reversed. A light 
beam 4a, perpendicularly emitted from the display face of the display means 4 is transmitted by the 

20 entrance face 5 of the prism member 3 and enters the tone aspherical front face 1 with an incident angle at 
least equal to 43*, thereby being totally reflected by said front 1. The light boam 4a is thon introduced into 
the toric aspherical concave face 2 with an incident angle not exceeding 43 • , thereby being reflected by 
the concave face and is emitted from the front face 1. 

The front face 1 is curved, and effects total reflection in a part and transmission in another part. H is 

25 therefore equivalent to two curved surfaces, and, in combination with the concave face 2, there is 
constituted a reflective optical system having three curved surfaces. In this manner the focal length of the 
entire optical system is shortened (20 to 25 mm in the following numerical examples), whereby the entire 
optical system can be compactized. 

In the present embodiment, a toric surface, a toric aspherical surface or an anamorphic aspherical 

30 surface with variable refractive power, i.e. variable curvature, depending on the azimuthal angle is employed 
in the front face 1 , the concave face 2 and the entrance face 5 in the observation system and the visual line 
detecting system 5, whereby satisfactory correction is attained for the eccentric aberration generated when 
the angle between the incident light and the emerging light of the concave mirror 2 is made large in order 
to reduce the size of the entire optical system. 

35 The curvatures of the front face 1 and the rear face 6 are so selected as to constitute a meniscus lens 
having a small refractive power for the light passing through these laces, whereby the external image 
information such as the external scenery can be satisfactorily observed through the rear face 6. 

Also in the cross section in the meridian direction, the front face 1 is given a negative refractive power, 
in order to correct the aberrations generated by the positive refractive power of the concave face 2. The 

40 meridian direction means a plane perpendicular to the plane containing the optical path from the center of 
the image on the display means to the designed center of the eye (i.e. direction perpendicular to the plane 
of Figs. 12Aand 12B). 

Also in the present embodiment, the front face 1 may be given a negative refractive power in the cross 
section in the generatrix direction, for attaining an effect similar to that of the negative refractive power in 
45 the cross section in the meridian direction. The cross section in the generatrix direction means a plane 
containing the optical path from the center of the image of the display means to the designed center of the 
eye (i.e. plane of Figs. 12A and 12B). 
There is satisfied a condition: 



wherein a is the tilt angle, as shown in Fig. 12B, between a tangential line L at the vertex of the front face 1 
in the cross section In the generatrix direction and a line m perpendicular to the optical axis 104 of the eye 
and passing the vertex of the front face 1. As indicated by the condition (1), the angle a is selected smaller 
55 than 20*, thereby reducing the distortion in observation ot the false image of the image information of the 
display means 4 and the external image information such as external scenery in spatially superimposed 
state, and reducing the thickness of the prism in the axial direction. 



so 



|a|£20* 



(1) 
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optical path from the display means 4 to the eye 103 M'uviaea in me 

£ !C e sZ^r^x *• ime9in9 maonifiC8tion ' of *• ima9in9 tens 8 uom *• •» 103 * 

0.02 < |/9| < 0.18 (2) 

(2)> *• ma «°" <* «h« W -age becomes too large, so that 

various aerations are generated and a satisfactory eye Ji£Z£ ^ 
(2-2) Also there is satisfied a condition: 

0.9 < lyfj < 1.1 (3) 

wherein 1 y . f, are focal lengths of the enlire system respectively in the generatrix cross section a „H ,h e 

s 1 t^r 2*™ *?rs °"* ,e ,m w **■»- » •» 

(2-3) Also there is satisfied a condition: 

l R «l<|R y | (4) 

Sr^d ,hir T 01 Par3Xial CUfVatUre ° f 1,18 COncave ,ace 2 ™P*«ive.y in the generatrix cross 
section and the meridian cross section. For compacting the observation system the ootid **k of 

Tirjri.? to h be t icant,y aited c,ockwise ' in ,he " neraMx «™^!^«S£f£ 

of the eye. but such configuration generates a .arge eccentric aberration. On the other hand 
mendian cross sechon. such eccentric aberration is not generated much because there b»h r'JlT 
such eccentricity. In the present embodiment, therefore, the radius fT of cunSure inTha ™„? ' 
section is selected larger than that R, in the meridian cross he 
the refractive power in the generatrix direction is selected weaker thin thnt in ,L I!L T ( . 
thereby suppressing the eccentric aberration in the S^^JSin d,re0t ' Oni 

is pSSi^t^ ^ PUrP ° Se ° f COrreCe ° n ° f ^ ™* abe ^- ■» condHhn (4, 

|Rx/Ry| < 0.85 (5) 

T^'s^r^SJ^l 01 C r atUfe respective, y in »• 9eneratrix cross section and the meridian 

secton. .hereby reahang a substantia^ constant focal length in any azimuthal anglt in 2 
SJ atlSfaC,0,y ° P l Cii P erformance " realized In the meridian cross section by glvlnp a neaatlve 

res =ss zzzzjxjxxzh EFH 
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meridian cross section, thereby reducing the aberrations in the meridian cross section. 
(2-7) In the meridian cross section, there are satisfied condition: 

0.1 < |2VR xl | < 2.0 (7) 
0.5 < (2f x /FL K2 | < 2.5 (8} 

wherein R x1 , are radii of curvature respectively of the totally reflecting area of the front face 1 and of 
the concave face 2, and f„ is the focal length of the entire system. The upper limits of the conditions (7), 
(B) correspond to stronger refractive forces of said curvatures, while the lower limits correspond to the 
weaker refractive forces. Above the upper limit of the condition (7), the distortion aberration becomes 
difficult to correct, and, below the lower limit, the totally reflecting condition becomes difficult to satisfy. 
Also above the upper limit of the condition (8), the astigmatism becomes difficult to correct, and, below 
the lower limit, the entire optical system becomes larger, particularly with a larger thickness in the 
direction parallel to the optical axis. 

(2-8) In the generatrix cross section, there are satisfied condition: 

0<|2VR y1 |<1.0 (9) 

0.2 < |2fy/Ry2| < 2.5 (10) 

wherein R^, R^ are radii curvature respectively of the totally reflecting area of the front face 1 and the 
concave faco 2, and f y is the focal length of the entire system. Tho upper limits of tho conditions (9) and 
(10) correspond to stronger refractive powers of said curvatures, while the lower limits correspond to 
weaker refractive powers. Above the upper limit of the condition (9), the eccentric distortion aberration 
becomes difficult to correct, while, below the lower limit, it becomes difficult to satisfy the totally 
reflecting condition. Also above the upper limit of the condition (10), eccentric astigmatism is generated 
significantly, and, below the lower limit, the length of the entire lens increases and the entire optical 
system becomes undesirably bulky. 

(2-9) The concave face 2 is shifted in parallel manner, in the generatrix cross section (Y-direction), from 
the optical axis 104 of the eye toward the display means 4, thereby suppressing the eccentric distortion 
aberration in the generatrix cross section. The amount E of parallel shift (distance from the optical axis 
104 to the vertex of the concave face 2 as shown in Fig. 12B) is so selected as to satisfy: 

25 SE (11) 

thereby satisfactorily correcting the eccentric distortion. 

(2-10) The tilt angle a in the condition (1) is so maintained as to satisfy: 

-15'£a£5* (12) 

for effectively compactizing the entire optical system. Below the lower limit of the condition (12), the 
image information becomes distorted significantly, while, above the upper limit, the prism member 3 
becomes thicker in the direction of the optical axis 104. 
Figs. 13 to 16 are schematic views showing modifications in a part of the visual line detecting system in 
the vicinity of the prism member 3. 

An embodiment shown in Fig. 13 is different from the foregoing embodiments in that the optical 
member 10 is provided between the eye 103 of the observer and the prism member 3, with corresponding 
positioning of the imaging lens 8 and the image sensor 9. This embodiment provides an advantage of exact 
detection of the visual line, since no eccentric face is involved in the visual line detecting system. 

In an embodiment shown in Fig. 14, the dichroic face 7 is provided in inclined manner inside the prism 
member 3, with corresponding positioning of the Imaging lens 8 and the image sensor 9. This embodiment 
is featured by a reduced number of components, leading to further compactization of the entire optical 
system. 

In an embodiment shown In Fig. 15, the optical member 10 Is positioned farther than the prism member 
3 from the eye 103. Also the concave face 2 is provided with a dichroic film reflecting the visible light and 
transmitting the infrared light. The optical member 10 is provided with an inclined reflecting face 11, having 
a semi-transmitting, totally reflecting or dichroic film, and the imaging lens 8 and the image sensor 9 are 
positioned accordingly. The state of mounting of the device of the present embodiment, on the head of the 
observer, is schematically illustrated in Figs. 17A and 17B. 
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r JL a «*7»T* ent Sh ° Wn in R9 * 16 ' th9 0ptica ' member 10 consistin 9 of a parallel-faced flat plate is 

dir e( Si?Innii d ^ S ^'f^ 9 /^ «**"Q systems of the above-explained embodiments can be 
directly applied to so-called head-up display device. 

In the following there are shown numerical examples of the present embodiment, wherein elements of 
the system are represented as follows, with reference to Figs. 8A 8B and 9- elements of 

(1) eye 103 being selected as the original point (0, 0) of the coordinate system- 

(2) In the visual line detecting system, in tracing the light from the eye 103- ' 
i * 1 eye 

i - 2 front face 1 (transmitting face) 
i = 3 concave face 2 
15 ' " 4 front face (totally reflecting face) 

i = 5 entrance face 5 
i = 6 entrance face of optical member 10 
i = 7 dichroic face 
i = 8 

20 ' = 9 exit face of optical member 10 

i = 10 entrance faco of imaging lens 

1 = 11 exit face of Imaging lens 

i = 12 image sensor in the observation system; 

i = 8 entrance face of image information 
25 ■ = 9 display face of image information 

{ VJ^lit C Tr a H t0ric ^ spherica ' surface - and AAL indicates an anamorphic aspherical surface. 
The TAL ,s defined, ,n the generatrix (Y . Z) cross section, by the following aspherical equation: 



30 



35 



yVryi 

Z = 



" — j r a + Aiy 4 + Biy 6 + Ciy 8 + Diy 10 

l+v/l-(l+ki)(y/ryi) 2 Y 7 

wherein i indicates the face number, and is spherical in the meridian (X - Z) cross section 
Also the AAL is defined by: 

y 2 /riy + x 2 /rix 



45 



z= . 

1+ V 1- { (1+kyi) (y/ryi)^ +(l+kxi) (x/rxi) 2 } 

+ ARi{(l + APi) y 2 + (i-APi) x 2}2 + BRi{(l + BPi) y 2 + ( 1 - BPi)x 2 } 3 
+ CRi{(l + CPi)y2 + (i- C Pi )x 2 } 4 + DRi{(l4DPi)y2 + (i_ D p i)x 2 ] 5 

wherein i indicates the face number. 

Also In 
defined by: 



S ° to^Th? *" PreS8nt ,nV8n,l0ni AL indlCa,BS 3 r0ta,i0nally s y m ™trlcal aspherical surface, which Is 



^/ i 

66 Z= + Aiy 4 + Biy 6 + Ciy 8 ♦ Diy 10 

l+Vl-(l4-ki)(y/ryi) 2 
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wherein i indicates the face number. The surface vertex coordinate (Y, 2) is an absolute coordinate when 
the vertex of the eye surface is taken as (0, 0). The tilt angle in the generatrix cross section indicates the tilt 
angle of the optical axis of each face, with respect to the optical axis of the eye. said angle being taken 
positive anticlockwise. A reflecting face (including totally reflecting face) is indicated by a suffix M. nd and 
s vd respectively indicate the refractive index and the Abbe's number for d-line. 
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[Nemerical Example 5] 



(Visual line detecting system) 



Radius of 
curvature 
in generatrix 
cross section- 



Radius of 
curvature 
in meridian 
cross section 



Vertex 

coordinate Y, Z 



Tilt angle in 
generatrix 
cross section 



75 



20 



25 



30 



35 



(Observation system) 
i= 8 « (23.91,29.52) 65.37 

i=9 » (24.98,30.01) 59.37 



i- 1 


00 




(0,0) 


0 * 


eye 


i= 2 


-514. 575 


-52.805 


(0,21. 15) 


0 


TAL ~~ 


i- 3 


-63. 546 


-42. 575 


(26.30, 35.96) 


-3. 33 


TAL-M 


i= 4 


-514. 575 


-52. 805 


(0,21. 15) 


0 


TAL-M 


i= 5 


CO 




(20. 72 t 28.06) 


65. 37 




i= 6 


oo 




(21. 18, 28.27) 


65.37 




i- 7 


00 




(23.41, 28.20) 


30. 37 


M 


i- 8 


oo 




(21. 18, 28.27) 


65. 37 


H 


i= 9 


00 




(24.93, 20.09) 


-54. 64 




i=10 


-1.889 




(26. 90, 21. 14) 


-54. 64 


AL ~] 


i-U 


1.426 




(29.35, 19.41) 


-54. 64 


AL J 


1=12 


oo 




(30.51, 18. 95) 


-51. 60 


image e 



nd=L 49171 
f d=57.4 



nd=L 51633 
vd=64.,l 



.49171 



nd«l. 51633 
-J *>d=611 

image information 
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( TAL , AL data) 



TAL2.4: K .460.670. A=-0. 227B-5, B=0. 17BB-7. C-0. 453E-10. D=0. 429E-13 

TAL3 : Li.,05. A=-0. 709E-6, 8-0. 2738-8. C-0. 191B-11. D=0.631E-15 

ALIO :K=-3. 858. A-0.851E-2. B=-0. 101. C-0. 149. D-0.756B-1 

ALU : 1-0.113. A=0.195. B=-0. 590. c-0.471. D -0. 138 

<»«"0 (5)|Bxl/8yl|-0.10 (8) 2fx/Rx2=-l. 09 (11) E =26. 3 

(2) I 0 I =0.10 |Rx2/Ry2|=0.67 (9) 2fy/Ry l= - 0 . 04 

(3) I fy/fx | =1.00 (7) 2fx/Rxl=-0.88 <10)2fy/R y2 =-0. 36 
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[Nemerical Example 6] 



(Visual line detecting system) 



Radius of 
curvature 
in generatrix 
cross section 



Radius of 
curvature 
in meridian 
cross section 



Vertex Tilt angle in 

coordinate Y, Z generatrix 

cross section 



45 



75 


i- 


1 


CO 




(0,0) 


0 • 


eye 






i= 


2 


-514. 575 


-52. 805 


(0,21.15) 


0 


TAL 


nd=l. 49171 




i- 


3 


-63.546 


-42.575 


(26.30,35.96) 


-3.33 


TAL 


*>d=57.4 


20 


i= 


4 


-514.575 


-52.805 


(0,34. 15) 


0 


TAL _ 






i« 


5 


oo 




(0,37. 15) 


45 


H 






i= 


6 


-1, 889 




(-13. 0,37. 15) 


90 


AL ~ 


nd=L 49171 














25 


i- 


7 


1. 426 




(-16.0,37. 15) 


90 


AL 


i/d-57.4 




i= 


8 


00 




(-17,27.37. 15) 


90 


image 


sensor 






(Observation 


system) 










30 


i= 


3 


-63.546 


-42.575 


(26.30,35.96) 


-3.33 . 


TAL-M 


nd=i. 51633 




i- 


4 


-514.575 


-52.805 


(0, 21. 15) 


0 


TAL-M 


*/d=64.1 




i= 


5 


CO 




(20.72, 28.06) 


65.37 






35 


i= 


6 


CO 




(24. 05, 29.59) 


54. 25 


image information 



(TAL, AL data] 

TAL2, 4:1=460. 670. A=-0. 227E-5, B=0. 179B-7. O-O. 453B-10. D-0.429B-13 

TAL3 : 1-1.105, A-0. 709B-6, B*0. 273B-8. C=-0. 191E-11, D=0. 631B-15 

AL6 : K=-3.858. A=0.851E-2. B=-0. 101. 00.149, D— 0. 755E-1 

AL7 : 1—0.113. A-0. 195, B— 0.590, 00.471, D— 0. 13B 

O)«=0 <5)|Rxl/Ryl|=0. 10 (8) 2fx/Rx2=-l. 09 (11) E=26.3 

(2) I 0 | =0.05 |Rx2/Ry2 1-0.67 (9) 2fy/Ryl-0. 04 

(3) | fy/fx 1=1.00 (7) 2fx/Rxl«-0. 88 (10) 2fy/Ry2=-0: 36 
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[Nemerical Example 7] 



(Visual line detecting system) 
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(AAL, AL data) 
AAL2.4: 

Ky-13753.5. AR=-0. 170E-4. BR=0.406E-7. CR-0. 154B-9. DR=0. 223E-12 
Kx— 3.896. AP=-0. 245. BP=0.416E-1. CP=0.870E-1, DP— 0. 203E-1 
AAL3: 

Ky-1. 238. AR-0.317B-5, BR=0. 248E-8. CR=-0. 179E-11. DR=0. 608E-15 
279. AP-0. 249. BP=0. 327E-2. CP-0. 192E-1. DP=0. 181E-1 

AAL5: 

Ky=6.825. AR«-0.114E-4, BR=-0. 402E-6, CR=0. 113E-8. DR-0. 4UE-10 
Kx-1.33E*6, AP-0. 273B+1. BP-0. 155B+1. CP«0. 1B0E+1. DP-0. 644 
ALIO : K-3.858. A=0.851E-2. B=-0. 101. 00.149. D=-0.755E-1 
ALII : K— 0.113. A=0. 195. B=-0. 590. 00.471. D=-0. 138 

<l)a-10.5 (5)lRxl/Ryl|=0.01 (8) 2fx/Rx2— 1. 47 (11) E*34. 8 

< 2 > i 0 t =0.12 |Rx2/Ry2 1=0.52 (9) 2fy/Ryl=-0. 02 

(3) | fy/fx 1=0.96 (7) 2fx/Rxl=-l. 5 (10) 2fy/Ry2=-0, 73 
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[Nemerical Example 8] 



(Visual line detecting system) 
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( AAL, AL data) 
AAL2.4: 

Xy=-361850. AR=-0. 183E-4. BR-0. 381E-7. CR— 0. 114B-9. DR=0. 153B-12 
Kx=-13. 802. APf-0.317. BP—0. 602B-1. CP-0. 272B-1. DP=-0.211B-1 
AAL3: 

Ky«1.227. AR-0. 209E-5. BR*0. 308B-8, CR«-0. 190B-11. DR=0. 505B-15 
Kx=0. 172. AP«0.472. BP=0.553B-1. CP— 0.2B5B-1. DP-0. 751E-2 
AAL5: 

Ky=987000. AR=-0. 871E-5. BR=-0. 264E-6, CR=0. 469E-13. DR=0. 137E-11 
Xx=-70. 169. AP=41. 763. BP=-0. 395. CP=0. 183E+2. DP=-0. 988 
AL7 : K—3.858, A=0.851E-2, B— 0. 101. C=0. 149. D=-0.755£-l 
AL8 : K— 0. 113. A=0. 195. B=-0. 590, 00.471. D*-0. 138 

(1) <t -1. 5 (5)|Rxl/Ryl|=0.005 (8) 2fx/Rx2=-l. 22 (11) B=33. 1 

(2) | P | =0.10 |Rx2/Ry2|=0.56 (9) 2fy/Rylx-0. 46 

(3) | fy/fx 1-1.00 (7) 2fx/Rxl*-0.93 (10)2fy/Ry2=-0. 61 
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[Nemerical Example 9] 



(Visual line detecting system) 
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70 



(AAL, AL data) 
AAL2.4: 



Ky=-387540, AB-0. 183E-4, BR=0. 378E-7, CR=-0. 117E-9. DR-0 15BB-12 
K^20.897, 4P..0.30D. BP--0.S48B-1. CP-O. MBB-I. DP-O. 228E-1 



AAL3: 



"T-l. 213. AR.-0. 22.E-5. BR=0. 305E-8. CR=- 0 . 190E-11. DR= 0 . 500E-15 
Kz=0.165. AP-0.464. BP=0. 630E-1. CP-O. 251E-1. DP=0. 380E-2 



AAL 5: 



Ky-559.028. AR--0. 675B-S. BR=0. 182E-6. CR=0. 212E-12. DR-O. 189E-10 
fa-99429.4. AP=0. 486E+1. BP=-0. 12SB*1. CP-0.11W2. DP=-0. 789 
ALU : K=-3.858. A=0. 851E-2. B--0. 101. C=0. 149. D=-0.755B-1 
AL12 : K-0. 113. A=0. 195. B=-0. 590. C=0. 471. D=-0. 138 

(1) a ,0. 28 ( 5 ) iHxl/Hyl |. 0 . 005 (8) 2fx/Rx2-l. 26 (11) E =33. 0 

(2) ' 0 ' = °- ]I lRx2/Ry 2 |=0.55 (9) 2fy/R y l=- 0 . 005 

(3) |fy/fx I =1. 00 (7) 2fx/Rxl=-0. 95 (10) 2fy/ Ry2 =-0. 69 

35 soc^T^^n^ inW t' 38 eXP ' ained in the f0reg0in 9' there is P™*** * display device, 
such as a head-mount d.splay. enabling compaction and provided with a visual line detecting ««*?!. 

„ 35^2533- 2533355 

provrfed m a part of the observat.cn system, tor detecting the visual line of the observer. 
« £253 EST ^ eXP " ned CM « diSP,3y — "» - a^ained 

deteS ^ss^czsar - ~ — - - — - 

A first optical member 3A is provided with a flat face 5, a curved or aspherical face 1 and a h a if 
ccn^ "T "Hi 0 Pf0Vid !o " ima9i " 9 l6nS 8 ,Qr visual ,ine de1ection - a " ""age sensor 9 consist™ of a 
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A visual line detecting circuit 14 detects the visual line information of the eye E, Discrimination means 
15 discriminates whether the visual line of the observer is fixed for a predetermined time in a substantially 
same direction. Control means 16 receives image signals from an image information source S and displays 
an image on the display face of the display means 4 under controlled display state based cn the visual line 
information from the discrimination means 15. 

The prism 10 and the first optical member 3A constitute a part of the image observation optical System, 
and the image observation optical system and the second optical member 3B constitute a part of the 
observation optical system. 

In the following there will be explained, with reference to Fig. 19A, the function of the observation 
optical system of the present embodiment. The control means 16 displays the image on the display face of 
the display means 4, based on the signals from the Image information source S. The light beam (visible 
light beam) from the image displayed on the display means 4 is transmitted by the dichroic mirror 7 of the 
prism 10, then introduced into the prism block 3 through the face 5, totally reflected by the face 1, then 
reflected and condensed by the half mirror surface 2, and emerges from the face 1 to enter the pupil 0 of 
the observer. Thus a false image Y of the image displayed on the display means 4 is formed in front of the 
observer, and can be observed by the observer. 

On the other hand, the light beam from the external scenery G is introduced into the face 6 of the prism 
block 3, then transmitted by the half mirror 2 and emerges from the face 1 to reach the pupil of the 
observer, who can thus observe the external scenery. Thus the observer observes, within a same viewing 
field, the false image Y of the image displayed on the display means 4 and the external scenery in 
superposition. 

in the following there will be explained the function of the visuaJ line delecting optical system of the 
present embodiment Referring to Fig. 17B, the light reflected and scattered by the frontal part of the eye E 
of the observer, illuminated by the infrared light from the light source 12, is introduced into the face 1 of the 
prism block 3, then reflected by the haJf mirror 2 toward the face 1 , then totally reflected by the face 1 and 
emerges from the face 5 to enter the prism 10. It is then reflected by the dichroic mirror 7, totally reflected 
by the lower face of the prism 10 and emerges from the face 13. It is then transmitted by the imaging lens 
8 for visual line detection, thereby forming an image of the frontal part of the eye on the image sensor 9. 
The light reflected by the cornea of the eye E forms Purkinje's images, while the light scattered by the pupil 
forms an image of the pupil. The visual line detecting circuit 14 calculates the direction of the visual line of 
the observer, based on the Purkinje's images and the pupil image obtained from the image sensor 9. This 
detection can be achieved for example by a method disclosed in the Japanese Patent Laid-Open 
Application No. 3-109029 of the present applicant. 

The light source 12, the first optical member 3A, the prism 10, the imaging lens 8. the image sensor 9 
and the visual line detecting circuit 13 constitute a part of the visual line detecting means. 

Fig. 20 is a flow chart showing the control sequence of the present invention, for arbitrarily and 
selectively varying the size and position of the false image of the displayed image, to be superimposed with 
the external image, by the control means 16 of the present invention according to the visual line information 
of the eye E of the observer. 

Fig. 21 is a schematic view of display areas, i.e. size and position of the display, selectable in the 
image display on the display means 4. In this embodiment there are selectable five display areas 1 to 5, in 
which 1 to 4 respectively correspond to rectangular areas, each equal to 1/4 of the display face, while 5 
corresponds to the full display face. 

In the following there will be explained the steps of the flow chart. The drawings at the right indicate the 
images provided to the observer at the respective steps. 

In the present embodiment, the direction of the visual line of the observer is constantly detected. 
Step 21: Turns on a switch for activating the function of the present invention. For this purpose, a switch 
mark is displayed, at a predetermined position within the display face, during the ordinary image 
observation, and, if the observer watches the false image of the switch mark for a predetermined time, the 
visual line detecting means and the discrimination means 15 detect such watching state and Initiate a 
switching operation of the displayed image in the following sequence: 

(1) The visual line detecting means detects the direction watched by the observer. 

If the position of the visual line coincides with the switch mark or the vicinity thereof, the 
discrimination means 15 stores the direction of the visual line, as first visual line information/ in a 
memory, and the sequence proceeds to (2). 

If the detected direction does not coincide with the switch mark, the discrimination means identifies 
that the observer does not wish to switch the displayed image, so that the sequence does not proceed to 
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(2) After the lapse of a predetermined tine, the discrimination means 15 detects, by the visual line 
detecting means, the direction watched by the observer. 

rf the detected direction coincides with the switch mark, the discrimination means 15 judges that the 
observer has watched the switch mark for the predetermined time, and sends a signal to the control means 
16 to turn on the switch. Then the sequence proceeds to a step 22. 

On the other hand, if the detected direction does not coincide with the switch mark, the sequence 
returns to (1). 

By repeating the above-explained steps, the switching operation for the displayed image is securely 
started when the observer watches the switch mark for the predetermined time. 

Step 22: When the switch is turned on, the control means 16 displays, for example, five points shown in 
Fig. 22, on the display face of the display means 4. Thus the observer sees an image 22a In Fig 20 

Step 23: Determines the display area. The observer watches a point, representing the desired display 
area for a predetermined time, and the visual line detecting means and the discrimination means 15 
identifies the point watched by the observer for the predetermined time, within the image 22a in the 
following sequence: 

(1) The visual line detecting means detects the direction watched by the observer, and the discrimination 
means 15 identifies whether the detected direction coincides with any of the five points If the detected 
direction coincides with any of the points, the detected direction or position is stored, as first visual line 
information, in a memory. 

If the detected direction does not coincide with any of the points, the detection of the visual line is 
continued until tho visual lino is detected to any of the points. 

(2) After the lapse of a predetermined time, the discrimination means 15 detects by the visual line 
detecting means, the direction watched by the observer, and obtains second visual line information 

(3) The domination means 15 compares the detected direction of visual line with that correspondinq to 
the point stored in the memory. 

H two directions mutually coincide, the discrimination means judges that the point corresponding to the 
detected direction is the point desired by the observer for image display and sends the corresponding 
information to the control means 16, and the sequence proceeds to a step 24. 

If the two directions do not mutually coincide, the sequence returns to (1). 

The point watched by the observer is determined by repeating the above-explained steps. 

In this manner, when the observer watches a point for a predetermined time, a display area is uniquely 
determined corresponding to said point. 

Step 24: The control means 16 displays an image in the display area determined in the step 23 by 
varying the size and position of the display of the image, by applying suitable image processing to* the 
.mage information. For example, if the point 5 shown in Fig. 21 is selected, the image is displayed in full 
size of the d.splay face. If the point 4 is selected, the image size is changed to 1/4 of the display face and 
is displayed at the lower right part thereof, as shown in 24a. However the switch mark is separately 
displayed anew. H«a«?iy 

The switching of the displayed image is thus completed. 

In the present embodiment, as explained in the foregoing, the size and position of the false image of 
me displayed image to be superimposed can be varied, in the course of image observation and according 
to the situation of the external image, by merely directing the visual line of the observer to a specified 
position within the viewing field, without any manual operation, so that there is attained extremely 
satisfactory operability. Besides, in the present embodiment, the entire device can be compactized by 
partial common use of the image observation optical system for observing the displayed image and the 
visual line detecting optical system for visual line detection. 

In the foregoing embodiment the display area can be selected in five manners, but it is also possible to 
further increase the freedom of selection available to the observer. 

Also the switch turn-on operation may be conducted manually. 

Figs. 23A and 23B are respectively schematic views showing optical paths In an observation optical 
system and a visual line detecting optical system in another optical system of the present invention 
wherein components same as those in Figs. 19A and 19B are represented by same numbers. 

The present embodiment is different from that shown In Figs. 19A and 19B In that a transmlssive liquid 
crystal device (shield member) 11 is provided outside the face 6 of the second optical member in order to 
intercept the light beam, or a part thereof, entering the prism block 3 from the outside. Such interception of 
the incoming light eliminates the overlapping of the external image with the false image Y of the displayed 
image, thereby enabling clear observation of the latter. 
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The prism 10, the first optical member 3A etc. constitute a part of the image observation optical 
system, while the image observation optical system, the second optica] member 3B and the liquid crystal 
device 11 constitute a part of the observation optical system. Also the light source 12, the first optica] 
member 3A, the prism 10, the imaging lens 8, the image sensor 9 and the visual line detecting circuit 14 
constitute a part of the visual line detecting means. 

The function of displayed image observation by the image observation optical system and that of the 
visual line detecting optical system in the present embodiment are same as that in the foregoing 
embodiment shown in Figs. 19A and 19B. 

In the following there will be explained the control sequence of the present embodiment, with reference 
to a flow chart shown in Fig. 24. The drawings at the right-hand side of the flow chart schematically 
illustrate the images provided to the observer in the respective steps. 

In the present embodiment, the direction of visual line of the observer is constantly detected. 
Step 61: Turns on a switch for activating the function of the present invention. As in the foregoing 
embodiment, when the observer watches, for a predetermined time, a false image of a switch mark 
displayed as a spot in a part of the displayed image, superimposed with the external image, the visual line 
detecttng means and the discrimination means 15 detect such watching state and initiate a switching 
operation of the displayed image. 

Step 62: Enters the display size information of the displayed image. The control means 16 displays, for 
example, a false image of a displayed image 62a, for observation by the observer. Said image includes, for 
example, a full-sized rectangular display frame St . a rectangular frame S2 which is 1/2 in size in the vertical 
and horizontal directions, and a rectangular frame S3 which is 1/4 in size. 

Each display frame has a watching mark at a corner (upper right corner in the illustrated example). 
When the observer watches, for a predetermined time, the watching mark belonging to a desired frame, the 
visual line detecting means and the discrimination means 15 detect such watching state and judge that the 
observer has selected the corresponding display size, whereupon the display size is determined and the 
corresponding information is supplied to the control means 16. (The sequence for this operation is similar to 
that already explained in the step 23 of the foregoing embodiment.) Such selecting procedure from a limited 
number of display frames enables rapid setting of the display size, though fine adjustment of the display 
size is not possible. As an example, let us consider a case of selecting the frame S2. 

Step 63: Enters the display position information of the displayed image. The control means 16 displays, 
for example, a false image of a displayed image 63a. in which the full-sized display face is divided into 
grating-patterned areas of a suitable number, in superposition with the external image. Then the observer 
watches, for a predetermined time, a desired image display position (for example marked with "x") in these 
areas. In response, the visual line detecting means and the discrimination means 15 determine the display 
55 position in the following sequence: 

(1) The visual line detecting means detects the position watched by the observer in the grating pattern, 
and the discrimination means 15 stores the detected area number, as first visual line information, in a 
memory. 

(2) After the lapse of a predetermined time, the discrimination means 15 detects, by the visual line 
40 detecting means, the position watched by the observer in the grating pattern, and the detected area 

number is taken as second visual line information. 

(3) The discrimination means 15 compares thus detected area number with that stored in the memory. 

If the two area numbers mutually coincide, the discrimination means 15 judges this area as the image 
display area desired by the observer, and sends the corresponding information to the control means 16. 
45 Then the sequence proceeds to a step 64. 

If the two area numbers do not coincide each other, the memorized area number is replaced by the 
newly detected area number, and the sequence returns to (2). 

The display position desired by the observer is determined by repeating the above-explained steps. 
This procedure enables secure entry of the position information and avoids erroneous input, even if the 
visual line of the observer is somewhat shifted, as long as the observer watches the vicinity of the desired 
area for a predetermined time during the input state of the position information. 

Step 64: The control means 16 discriminates whether the image of the designated size can be 
displayed around the display position designated by the observer. 

If such display is possible, the display area is thus determined and the sequence proceeds to a step 

55 65. 

On the other hand, if the displayed image P1 around the designated position overflow the display face 
as indicated in 64a, the sequence proceeds to a step 66. 
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Step 66: Effects calculation for shifting the display position of the displayed image P1 , for determinina a 
d.splay area P2, allowing to retain the designated size of the image P1 with a minimum shift of the display 
position. ^ ' 

Step 65: The control means 16 shifts the transmittance of the liquid crystal device 11 to zero in the 
image overlapping portion as indicated in 65a, thereby shielding the external image in said portion and 
avoiding the .nterference of the external image with the false image of thus determined display image 

Step 67: The control means 16 displays the image in the display area determined in the steps 64 and 
66. by varying the size and position of display of the image by applying suitable image processing to the 
image information. The switch mark is displayed separately from the overlapping area. 
The switching of the displayed image is thus completed. 

In the preseni embodiment, as explained in the foregoing, the size and position of the false Image of 
the displayed image to be superimposed can be varied, in the course of image observation and according 
to the situation of the external image, by merely directing the visual line of the observer to a specified 
posrt.on within the viewing field, and the external image in the superimposed portion is suitably shielded by 
a sh.eld member. Thus there is attained an observation optical device, featured by extremely satisfactory 
operability. not requiring any manual operation for varying the displayed image, and allowing clear 
observation of the false image Y of the displayed image. 

The display size may also be entered for example by displaying a linear pattern, of which an end 
corresponds to the full-sized image frame while the other end corresponds to the 1/4-sized image frame 
and judging the display size desired by the observer in analog manner, based on the position watched by' 
the observer on tho linear pattern. In this manner tho observer can ontor, in considerably precise mannor 
the proportion of display size with respect to the maximum display size. 

In the present embodiment, a grating pattern is displayed at the entry of the display position but such 
grating pattern display may be dispensed with. 

Based on the above-explained configuration, the present invention provides an observation oplical 
device of excellent operability capable of arbitrarily varying the size and position of display of the false 
image for observation of the image displayed on the display face, in the course of observation of such false 
image or of observation of such false image spatially overlapped with the external image, to specified 
positions within the viewing field, according to the wish of the observer or to the external situation utilizino 
30 the visual line of the observer. 

Furthermore there is provided an observation optical device capable of shielding a part of the external 
image where the false image of the displayed image is overlapped, thereby enabling extremely clear 
observation of such false image. 

A display device for displaying information is provided with an optical system for guiding the light of the 
display device to the eye, the optical system having, in the order in the proceeding direction of the light an 
entrance face for receiving the light, a curved face for totally reflecting the light and a reflecting face 
concave to the eye side and adapted to reflect the light toward the eye. The reflected light is transmitted by 
the curved face and reaches the eye. Thus there is obtained a compact display device with satisfactorily 
suppressed aberrations. 

Claims 

1. Display means for forming information, characterized by having optical means for guiding the light from 
said display means to the eye, said optical means including a curved face for totally reflecting the light. 

2. Display means according to claim 1, wherein said optical means includes, in the order in the 
proceeding direction of light, an entrance face for introducing the light from said display means said 
curved face and a reflecting face for reflecting the light toward the eye. wherein the light reflected by 
said reflecting face is transmitted by said curved face and reaches the eye. 

3. Display means according to claim 1. wherein said curved face has variable optical power depending on 
the azimuthal angle. 

4. Display means according to claim 1. satisfying a condition | a | S 20 • wherein . is the angle between the 
tangential line to said curved face at the vertex thereof and a line perpendicular to the optical axis of 
the eye. 
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5. Display means according to claim 1 , further comprising: 

illumination means for illuminating the eye; and 

light-receiving means for receiving the light reflected from the eye. for detecting the visual line 
thereof 

6. Display means according to claim 5. further comprising: 

control means for controlling the display state of said display means, according to the light 
receiving state of said photosensor means. 

7. Display means according to claim 2, wherein said reflecting face is a half-transmitting face. 

a Display means according to claim 2. wherein said reflecting face has variable optica] power depending 
on the azimuthal angle. 

9. A display device comprising: 

information forming means for forming an information; 

optical means for guiding a light of said information forming means to an eye, in which said optical 
means have a reflecting curved face decentered having a positive optical power; 
illuminating means for illuminating said eye; 

converging means for converging a light of said illuminating means reflected from said eye; and 
detecting means for receiving a light from said converging moans to detect a state of said eye; 
wherein where an imaging magnification of said converging means is 0, a following condition is 
satisfied, 

0.02 < | 0\< 0.18. 

10. A display device according to claim 9, wherein said reflecting curved face has variable optical power 
depending on the azimuthal angle. 
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FIG. 8A 
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